Abstract: In this paper, an analytical technique, namely the new iterative method (NIM), is applied to obtain an approximate analytical solution of the nonlinear Harry-Dym equation which is often used in the theory of solitons. The rapid convergence of the method results in qualitatively accurate solutions in relatively few iterations; this is obvious upon comparing the obtained analytical solutions with the exact solutions. Our results indicate that NIM is highly accurate and efficient, therefore can be considered a very useful and valuable method.
problems in physics, chemistry, biology, economy and engineering science. Many problems can be modelled as systems of differential equations, integral equations, integro-differential equations, partial differential equations, fractional order differential equations. Many of these equations are nonlinear. Recently, Daftardar-Gejji and Jafari [1] proposed a new technique for solving nonlinear functional equations namely: New Iterative Method (NIM). The NIM has been extensively used by many researchers for the treatment of linear and nonlinear ordinary, and partial differential equations of integer and fractional orders, see [2, 3, 4] . The method converges to the exact solution, if it exists through successive approximations. However, for concrete problems, a few number of approximations can be used for numerical purposes with high degree of accuracy. The NIM possesses a great potential in solving different kinds of functional equations. Both linear and nonlinear equations, and systems of such types are all amenable to the method. In the nonlinear case for differential equations and partial differential equations, the method has the advantage of dealing directly with the problem. These equations are solved without transforming them to more simple ones. The method avoids linearization, perturbation, discretization, or any unrealistic assumptions.
Considering the Harry-Dym equation being it nonlinear, most of the semianalytical methods such as Adomian Decomposition Method (ADM), Differential Transform Method (DTM), Homotopy Perturbation Method (HPM), etc., and their modified versions will require the involvement of Adomian polynomials but this is completely avoided via the NIM, yet high rate of accuracy and convergence is not neglected [5, 6] .
In the present work, we will utilize the NIM to solve the Harry-Dym equation [15] . This equation is a nonlinear partial differential equation which is of great importance in terms of applications; for example, in the analysis of the Saffman-Taylor problem with surface tension [16, 17] . We will design an algorithm to solve the Harry-Dym equation subject to some initial conditions. Finally, our proposed solution method is illustrated for effectiveness and reliability by considering the Harry-Dym equation for two different initial conditions based on their usual nature in the existing literature.
Our work is divided in several sections. In the "Basic idea of new iterative method (NIM)" section, we present, in a brief and self-contained manner, the NIM. Some references are given to delve deeper into the subject and to study its mathematical foundation that is beyond the scope of the present work. In "The Harry-Dym equation" section, we give a brief introduction to the model described by the Harry-Dym equation. In the "General solution of the HarryDym equation through NIM" section, we establish that NIM can be used to solve this equation as a problem of initial value. After, in "Numerical examples" section, we show by means of two examples, the quality and precision of our method, comparing the obtained results with the only exact solutions available in the literature [19] . Finally, in the "Conclusions" section, we summarize our findings and present our final conclusions.
Basic idea of new iterative method
To describe the idea of the NIM, consider the following general functional equation [1, 14] :
where N is a nonlinear mapping between Banach spaces such that N : B → B and f is a known function. We are looking for a solution u of Eq. (1) having the series form
The nonlinear operator N can be decomposed as
From (2) and (3), (1) is equivalent to
We define the recurrence relation as
and
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The m−term approximate solution of (2) is given by u = m−1 i=0 u i . It may be observed here that in this decomposition method, computation of complicated quantities is not required and therefore the computing time is minimal.
If the operator N is a contraction, i.e.,
then:
and the series ∞ i=0 u i absolutely and uniformly converges to a solution of (1), which is unique, in view of the Banach fixed point theorem [13] .
This method decreases considerably the volume of calculations. The decomposition procedure given by NIM will be easily set, without linearising the problem. In this approach, the solution is found in the form of a convergent series with easily computed components; in many cases, the convergence of this series is very fast and only a few terms are needed in order to have an idea of how the solutions behave. For more details about convergence, we refer the reader to [14] .
The Harry-Dym equation
In physics-mathematics, and in particular in the theory of solitons, the HarryDym equation is the third-order nonlinear partial differential equation given as:
The Harry-Dym (HD) equation has nonlinearity and dispersion coupled together. It was discovered by H. Dym in 1973-1974 while its first appearance in the literature occurred in a 1975 paper of Kruskal [15] , where it was named after its discoverer. The Harry-Dym equation has strong links to the Korteweg-de Vries equation and the solitons theory, [18] .
To make the description of the problem complete, we will consider some initial conditions for (8):
In the next section, we will develop an algorithm using the method described in Section 2 in order to solve the nonlinear Harry-Dym equation (8) without resort to any truncation or linearization.
General solution of the Harry-Dym equation through NIM
Integrating (8) and considering the initial condition (9), we obtain
Comparing (10) with (1), we have that the nonlinear term is given by
By using (5) through the NIM, we obtain the following, recursively:
Finally, the exact solution of the Harry-Dym equation (8) is given by
The m−term approximate solution of (8) is given by u = m−1 i=0 u i . Using the expressions obtained above for (8), we will illustrate, with two examples, the effectiveness of NIM to solve the nonlinear Harry-Dym equation.
Numerical examples
To validate the present iterative approach, results are compared with the exact solution of the Harry-Dym equation provided by Mokhtari in [19] which can be expressed as
where a, b and c are constants.
In all examples the package of Mathematica Version 11.0 has been used to solve the test problems.
Example 1
Using the NIM, we solve the Harry-Dym equation subject to the initial condition f (x) = (1 − 3x) 2 3 . Following the recurrent formula (12) we have:
, and
606230625(1−3x) 61/3 . Then, the approximate solution for this example is given by u N IM = u 0 + u 1 + u 2 + u 3 .
In Figure 1 we plot both the approximate solution and the exact solution for Harry-Dym equation. The approximate solution appears under the exact solution but as it can be observed, the approximate solution, obtained using NIM, converges to the exact solution in such a way that it becomes difficult to distinguish them. All the numerical work and the graphics was accomplished with the Mathematica software package. 
Conclusions
Very few exact solutions of the nonlinear Harry-Dym equation were known in the literature. In this work, we have obtained accurate approximate solutions for the Harry-Dym nonlinear partial differential equation using the new iterative method (NIM); thereby illustrating in this way, the use of NIM in the solution of nonlinear partial differential equations. We have chosen the Harry-Dym equation due to its importance in the theory of solitons. In order to show the accuracy and efficiency of our method, we have solved two examples, comparing our results with the exact solution of the equation that was obtained in [19] .
The obtained results demonstrate the reliability of the algorithm and its wider applicability to nonlinear partial differential equations. We therefore, conclude that the NIM is a notable non-sophisticated powerful tool that produces high quality approximate solutions for nonlinear partial differential equations using simple calculations and that attains converge with only few terms.
